Contractile epiretinal membranes (ERMs) cause distortion and detachment of the retina in such diverse clinical settings as ocular trauma, ischaemia, and inflammation, but they are particularly extensive and destructive of vision when complicating the treatment of rhegmatogenous retinal detachmentso-called proliferative vitreoretinopathy (PVR was a more uniform cellular spread involving more than 50 cells (Fig. 1) ; while stage 3 was a packed culture (Fig. 2) . The present study was restricted to primary cultures because it was considered that such cells might be more akin to cells 'in situ' than cells cultured through one or more passages.
TRANSMISSION ELECTRON MICROSCOPY (TEM)
If a membrane was sufficiently large, a portion was taken for TEM while the remainder served as an explant for tissue culture. In addition, some membranes with their resultant outgrowth of cells were processed from culture for TEM. All specimens were fixed with 3% glutaraldehyde in cacodylate buffer, postfixed in 1% buffered osmium tetroxide, dehydrated through graded alcohols, and embedded in Araldite. Ultrathin sections were stained with uranyl acetate and lead citrate and viewed in a JEOL 100c electron microscope.
ATP ASSAY
Ninety-one cells growing on coverslips from 13 ERMs (from two to 27 cells from each membrane) were assayed. The majority ofcells to be assayed grew from ERM explants of specimens from eyes with PVR. Forty-eight cells grew from seven early ERMs and 43 cells from six late ERMs. The cells were washed in phosphate buffered saline (PBS) and then 44 cells from seven membranes (both early and late) were exposed to 0-2% Triton X-100 in stabilisation buffer for two minutes at room temperature; the other 47 cells from six ERMs were not so treated. week period ( Table 2 ). The cells which grew from the ERMs were of variable appearance including spindle-shaped, plate-like, stellate, and ovoid cells (Fig. 1 ). There was a statistically significant difference between early and late ERMs in respect of viability (i.e., the numbers of explants yielding cells), latency (i.e., the time period prior to outgrowth of cells), and exuberance-of outgrowth (i.e., the numbers of explants producing packed or stage 3 cultures) (Table 2 ).
IMMUNOHISTOCHEMISTRY AND TEM
Antiactin immunostaining highlighted the presence of contractile proteins within the ERM cells growing in tissue culture (Fig. 3 ). There was variability in the intensity of staining (Fig. 3) and in the pattern of staining, which was either reticular or diffuse (Fig.  4A, B) . There was no pronounced reduction in antiactin staining after detergent treatment, and cytoplasmic actin was still prominent following exposure to ATP, though the staining pattern was always diffuse.
Among the growing cells antiprekeratin immunostaining showed the presence of epithelial cells interspersed between non-epithelial cells (Fig. 5) .
Double immunostaining illustrated cytoplasmic actin in both prekeratin-positive and prekeratin-negative cells, with no demonstrable difference between these i.. cell types (Fig. 6A ). Closer examination of cells which stained positively with both antisera revealed a difference in the distribution of the two antigens; the actin-rich elements were spread throughout the cytoplasm, whereas prekeratin was concentrated Fig. 4 A diffusepattern ofaction is seen in the cytoplasm c around the cell nucleus (Fig. 6B) .
cultured ERM cell (A) whereas thepattern is reticular in Electron microscopy confirmed the presence of another cell (B) (FITC). x600. cytoplasmic microfilaments (4-6 nm in diameter) in the cytoplasm of cells both within the ERM explant (Fig. 7) and growing in the culture flask. Microfilaments were abundant in some cells but difficult to find in others.
ATP ASSAY
The MgATP assay was more easily conducted on intact cells than on detergent treated cells because cell outlines could be seen more clearly (Fig. 8) . Each of the 44 detergent treated cells had a reduced surface area after one hour's exposure to ATP, but there was marked variation in response between cells, ranging from as little as 7% to as much as 66% (Fig.  9) . The mean area reduction was approximately 30% and significant by the paired t test (p<0001) ( Table   3 ). Most of the reduction in surface area took place in the first 10 minutes of exposure to ATP (Fig. 10A,   B ). Of these 44 detergent treated cells 26 were prekeratin positive (Fig. 11 ), 11 were prekeratin negative and seven could not be identified after ATP assay because they were washed off during processing for indirect immunostaining. Table 3 also shows that the decrease in surface area after one hour was not significantly different in the three groups (i.e., in prekeratin-positive cells, prekeratinnegative cells, and unidentified cells) by Student's t test. The response of individual cells to ATP was as inconsistent in the prekeratin-positive group as it was for the whole series of cells (ranging from 7% to 50% reduction in area).
Of the 47 cells exposed to ATP without prior treatment with detergent (i.e., intact cells) all but one responded with a decrease in surface area (Fig. 12) . Over a one-hour period the response was again variable (ranging from -1% to 65% with a mean of 34%), and most of the reduction once again took place in the first 10 minutes (Fig. 10A) . The reduction in area was significant by the paired t test (Table 4) but was not significantly different from the reduction in area recorded from detergent treated cells (t test). Of these 47 intact cells, 18 were prekeratin-positive, nine were prekeratin-negative, and 20 could not be identified (Table 4 ). The decrease in area of the prekeratin-positive cells ranged from -1% to 50%, but there was no significant difference in the degree of response between prekeratin-positive, prekeratinegative, and unidentified cells ( Table 4) .
The average reduction in area of 48 cells from early membranes was 30% (+1-9%) and of 43 cells from area is thought to be an actomyosin-based contractile event2 '9 comparable to the response which can be evoked in muscle fibres subjected to similar treatments.
That ERM cells contract when exposed to ATP has recently been shown by Yamashita and colleagues,'4 who used a glycerination procedure to produce cytoskeletons. We opted for Triton X-100 because glycerin treatment loosens the attachment of cells to the substrate much more than detergent treatment,2 21 precluding subsequent immunostaining for actin or prekeratin. Glycerinated cytoskeletons also have the disadvantage that on contraction there is structural fragmentation so that the contraction is irreversible. 9 The Triton X-100 treated cytoskeletons decreased in area by some 30% in response to ATP over a period of one hour. Although most of the response took place in the first 10 minutes, the contraction was slower and less pronounced than that associated with glycerinated cytoskeletons'4 of ERM cells exposed to 30 times the concentration of ATP used in this study.
We 
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Growth and contractility ofcellsfromfibrocellular epiretinal membranes in primary tissue culture A total of 91 intact cells and cytoskeletons were analysed during ATP exposure and all but one contracted to some extent. The variation in response between cells or their cytoskeletons was so pronounced that we suspected that this was related to the different clinical ages of ERMs or to cell type. However, immunostaining for cytokeratins (after the contraction run) showed that the response of epithelial cells was just as wide ranging as that of the non-epithelial cells. Given the similarity of response of intact epithelial cells and epithelial cytoskeletons, it is unlikely we were dealing with an artefact relating to assaying procedures. More probably we were dealing with differences in the cells metabolism or behaviour at the time of assay. In particular the organisation and amount of actin appeared to vary in both the epithelial and non-epithelial groups of cells. This is the first demonstration that ERM-derived cells which are undoubtedly epithelial can contract.
Since the early work of Machemer223 retinal pigment epithelial cells have been especially implicated in the formation and tractional activities of ERMs. However, the contraction of epithelial cells was no greater than that of other cells in our ERMs supporting our view, expressed elsewhere,524 that the role of retinal pigment epithelial cells has perhaps been overemphasised. Our histochemistry, following the ATP assay, showed that 44 out of 64 cells were prekeratin-positive. This high proportion of epithelial cells may reflect their preferential growth in our culture conditions, or preferential selection for assay because of their clearly defined borders and contact inhibition,7 rather than their prevalence in situ.
We hope that the single cell assay can be used in future for further evaluation of the contractility of the different types of cell which can be grown from epiretinal membranes. It is intended that our assay be used to evaluate smooth muscle relaxant drugs which may have a role in controlling tractional activity in situ.
